The neutrosophic cubic set (NCS) is a hybrid structure, which consists of interval neutrosophic sets (INS) (associated with the undetermined part of information associated with entropy) and single-valued neutrosophic set (SVNS) (associated with the determined part of information). NCS is a better tool to handle complex decision-making (DM) problems with INS and SVNS. The main purpose of this article is to develop some new aggregation operators for cubic neutrosophic numbers (NCNs), which is a basic member of NCS. Taking the advantages of Muirhead mean (MM) operator and power average (PA) operator, the power Muirhead mean (PMM) operator is developed and is scrutinized under NC information. To manage the problems upstretched, some new NC aggregation operators, such as the NC power Muirhead mean (NCPMM) operator, weighted NC power Muirhead mean (WNCPMM) operator, NC power dual Muirhead mean (NCPMM) operator and weighted NC power dual Muirhead mean (WNCPDMM) operator are proposed and related properties of these proposed aggregation operators are conferred. The important advantage of the developed aggregation operator is that it can remove the effect of awkward data and it considers the interrelationship among aggregated values at the same time. Furthermore, a novel multi-attribute decision-making (MADM) method is established over the proposed new aggregation operators to confer the usefulness of these operators. Finally, a numerical example is given to show the effectiveness of the developed approach.
Introduction
One of the drawbacks of real MADM problems is expressing attribute values in fuzzy and indeterminate DM environments. Fuzzy sets (FSs) developed by Zadeh [1] emerged as a tool for describing and communicating uncertainties and vagueness. Since its beginning, FS has gained a significant focus from researchers all over the world who studied its practical and theoretical aspects. Several extensions of FSs have been developed, such as interval-valued FS (IVFS) [2] , which explained the truth membership degree (TMD) on a closed interval value in the interval [0, 1], and intuitionistic FS (IFS) [3] , which explained the TMD and falsity-membership degree (FMD). Therefore, IFS defines fuzziness and uncertainty more comprehensively than FS. However, neither FS nor IFS are capable to handle indeterminate and inconsistent information. For example, when we take a student opinion about the teaching skills of a professor with about 0.6 being the possibility that the teaching skills of the professor are good, 0.5 being the possibility that the teaching skills of The rest of the article is organized as follows. In Section 2, some basic definitions and properties of NCSs, MM and PA operators are recalled. In Section 3, the PA and MM operators in the construction of new operators, namely NCPMM, WNCPMM, NCPDMM and WNCPDMM operators are incorporated followed by discussions on their related properties. In Section 4, a novel method to MADM is established based on the developed aggregation operators. In Section 5, a numerical example is illustrated to show the effectiveness of the proposed method to solve a MADM problem. In Section 6, a comparison with the existing methods is given followed by the conclusion.
Preliminaries
In this part, some basic concepts about SVNSs, INSs, NCSs, PA and MM operators are briefly overviewed.
The NCSs and Their Operations
Definition 1 ([4] Smarandache [4] developed the concept of NS as a generalization of FS, IFS and IVIFS. To apply NS to real and engineering problems easily, its parameters should be specified. Hence, Wang et al. [5] provided the following definition.
Definition 2 ([5]). Let  be a space of points (objects), with a generic element in  denoted by
n . A single-valued neutrosophic set S in  is defined as: when  is continuous, and 
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T n I n F n  + +  Definition 3 ([6] ). Let  be a space of points (objects), with a generic element in  denoted by n. An interval neutrosophic set A in  is defined as: 
when  is continuous, and 
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That is, the MM operator degenerates into arithmetic averaging operator. 
That is, the MM operator degenerates into geometric averaging operator. MM aa
That is, the MM operator degenerates into BM operator. (16) That is, the MM operator degenerates into MSM operator.
Some Power Muirhead Mean Operator for NCNs
In this part, we first give the definitions of PMM operator and propose the concept of power dual Muirhead mean (PDMM) operator. Then, we extended both the aggregation operator to NCN environment. 
Definition 9 ([35]
where, ( ) 
The Neutrosophic Cubic Power Muirhead Mean (NCPMM) Operator
In this subsection, we extend the PMM operator to neutrosophic cubic environment and discuss some basic properties, and special cases of these developed aggregation operators with respect to the parameter Q . 
, . From the use of Equation (20) , Equation (19) can be expressed as:
Based on the operational rules given in Definition 3 for NCNs, and Definition 11, we can have the following Theorem 2. 
Proof. According to the operational laws for NCNs, we have
. 
1 2
This is the required proof of Theorem 2. □
In the above equations, we calculate the PWV  , after calculating the support degree .
Therefore, we use the equation
to obtain the values of ( )( 1, 2..., )
Then using Equation (20) we can get the PWV. 
, ,..., , ,..., 
This implies that ( ) 12 , ,..., . 
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The NCPMM operator does not have the property of monotonicity. One of the leading advantages of NCPMM is its capacity to represent the interrelationship among NCNs. Furthermore, the NCPMM operator is more flexible in aggregation process due to parameter vector. Now, we discuss some special cases of NCPMM operators by assigning different values to the parameter vector. 
This is the NC power geometric operator. 
This is the NC power Bonferroni mean operator ( ) 
This is the NC power Maclaurin symmetric mean operator.
Weighted Neutrosophic Cubic Power Muirhead Mean (WNCPMM) Operator
The NCPMM operator does not consider the weight of the aggregated NCNs. In this subsection, we develop the WNCPMM operator, which has the capacity of taking the weights of NCNs. Let ( 1, 2,. 
Definition 12.
Proof. Proof of Theorem 5 is same as Theorem 2. □
The Neutrosophic Cubic Power Dual Muirhead Mean (NCPDMM) Operator
In this subsection, we develop the NCPDMM operator and discuss some related properties. . From, the use of Equation (35), Equation (34) 
Then, the aggregated value obtained by using Equation (36) is still an NCN and,
Proof. Proof of Theorem 6 is similar to that of Theorem 2. □ where,
Theorem 7 (Idempotency
Now we will discuss some special cases of NCPDMM operator with respect to the parameter vector 
This is the NC power dual Maclaurin symmetric mean operator.
Weighted Neutrosophic Cubic Power Dual Muirhead Mean (WNCPDMM) Operator
The NCPDMM operator does not consider the weight of the aggregated NCNs. In this subsection, we develop the WNCPDMM operator, which has the capacity of taking the weights of NCNs. , which is expressed by the form of NCN. Then, the main aim is to rank the alternatives. The following decision steps are to be followed.
Step 1. Standardize the decision matrix. Generally, there are two types of attributes, one is of cost type and the other is of benefit type. We need to convert the cost type of attributes into benefit types of attributes by using the following formula:
, for cost attribute . Step 2.  defined in Equation (25) .
Step 3. Determine ( ) 
Step 4. Determine the weights related with the NCN ( ) Step 5. Use the WNCPMM or WNCPDMM operators
to calculate the overall NCNs,
Step 6. Determine the score values of the collective NCNs ( )
, using Definition 6.
Step 7. Rank all the alternatives according to their score values, and the select the best one using Theorem 1.
An Illustrative Example
To show the application of the developed MADM method, an illustrative example is embraced from [19, 21] with NC information. ( 1, 2, 3, 4) Then, we apply the WNCPMM operator or WNCPDMM operator to solve the MADM problem. Now, we use the WNCPMM operator for this decision-making problem as follows:
Example 1. A passenger wants to travel and select the best vans (alternatives)
Step 1. Since all the attributes are the same, hence there is no need for conversion.
Step 2. Use Equation (47) 
Step 3. Use Equation (48) Step 4. Use Equation (49), to obtain Step 5. Use the WNCPMM given in Equation (50),
To get the overall NCNs Step 6. Using Definition 6, we calculate the score values of the collective NCNs ( ) Step 7. According to the score values, ranking order of the alternative is Similarly, by using WNCPDMM operator for this decision-making problem, we will have, the Steps 1 to 4 are similar to that of weighted neutrosophic cubic power Muirhead mean operator.
Step 5. Use the WNCPDMM given in Equation (51), ( )
, , ,
To get the overall NCNs ( ) ( ) Step 7. According to the score values, ranking order of the alternative is From the above obtained results, we can see that by using WNCPMM operator or WNCPDMM operator, the best alternative obtained is 
Effect of the Parameter
Q on the Decision Result In this subsection, different values to the parameter vector and the results obtained from these values are shown in Tables 2 and 3. From Tables 2 and 3 , it can be seen that, when the value of the parameter vector Q is ( ) 


Comparison with Existing Methods
To show the efficiency and advantages of the proposed method, we give a comparative analysis. We exploit some existing methods to solve the same example and examine the final results. We compare our method in this paper with the methods developed by Qin et al. [30] based on weighted IFMSM operator, and the one developed by Liu et al. [32] -based generalized INPWA operator. We extend the IFMSM operator method [30] for intuitionistic fuzzy information to neutrosophic cubic Maclaurin symmetric mean operator. We also extend the GINPWA operator [32] for interval neutrosophic information to generalized neutrosophic cubic power average operator.
The method developed by Qin et al. [30] , is based on MSM operator, which can consider the interrelationship among the attribute values, but unable to remove the effect of awkward data. The MSM operator is a special case of the proposed aggregation operator. Also, the ranking result obtained using the method of Qin et al. [30] , is different from the one obtained using the proposed method.
Similarly, the method developed by Liu et al. [32] , is based on power weighted averaging operator, which can remove the effect of awkward data but cannot consider the interrelationship among the attributes values. From Table 4 , it can be seen that the ranking result obtained using Liu et al. [32] is the same as the ranking order obtained from the proposed method, when 
Q
That is, when the interrelationship among four attributes are considered, then the ranking order is different. The main reason behind the different ranking results is due to the existing aggregation operators, can only consider a single characteristic at a time while aggregating the NCNs, meaning that they can only either consider interrelationship among attributes or remove the effect of awkward data. Our proposed aggregation operator, however, can consider two characteristics at a time. It can consider the interrelationship among the attributes and remove the effect of awkward data. In fact, these existing aggregation operators can be regarded as special cases to our proposed aggregation operator. Hence, our proposed aggregation operator is more practical and flexible to be used in decision-making problems.   
Conclusions
In this article, we incorporate both the PA operator and MM operator to form a few new aggregation operators to aggregate CNNs, such as the cubic neutrosophic power Muirhead mean (CNPMM) operator, WCNPMM operator, CNPDMM operator and WCNPDMM operator. We discussed several basic results and properties, along with a few special cases of the proposed aggregation operators. In other words, the developed aggregation operators do not only consider the interrelationship among the NCNs, but also remove the influence of too high or too low arguments in the final results. Based on these aggregation operators, a novel approach to MADM problem is developed. Finally, a numerical example is illustrated to show the effectiveness and practicality of the proposed approach.
Our main contribution is enhancing the neutrosophic cubic aggregation operator and its MADM method under neutrosophic cubic environment. In future, we will incorporate the PA operator with the MM operator under the intuitionistic fuzzy environment [3] , interval neutrosophic environment [6] and multi-valued neutrosophic environment [10] , to develop new operators such as IFPMM, IFPDMM, INPMM, INPDMM, multi-valued neutrosophic power Muirhead mean (NPMM) and multi-valued neutrosophic power dual Muirhead mean (NPDMM) operators along with their weighted forms. We will apply these to MAGDM, data mining, decision support, recommender system and pattern recognition.
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